The expression of the two human interleukin (IL)-8 receptors, designated IL-8RA (CXCR-1) and IL-8RB (CXCR-2), on the surface of whole blood polymorphonuclear leukocytes (PMNL) was determined by use of receptor-specific monoclonal antibodies and flow cytometry. Sixteen subjects each were included in 4 study groups: healthy blood donors (ND), patients with pulmonary tuberculosis (TB), human immunodeficiency virus type 1 -seropositive patients (HIV), and HIV-1 -seropositive subjects with pulmonary tuberculosis (HIV/TB). A significant reduction in the percentage of PMNL expressing IL-8RA and IL-8RB and in their respective fluorescence intensities was found in TB, HIV, and HIV/TB groups compared with that obtained for the ND group. The greatest downregulation of both receptors occurred in the HIV/TB group. Furthermore, associated with this reduced expression of IL-8 receptors was impairment of both intracellular calcium flux and migration of PMNL in response to IL-8 in a group of HIV/TB patients compared with that in healthy persons.
The expression of the two human interleukin (IL)-8 receptors, designated IL-8RA (CXCR-1) and IL-8RB (CXCR-2), on the surface of whole blood polymorphonuclear leukocytes (PMNL) was determined by use of receptor-specific monoclonal antibodies and flow cytometry. Sixteen subjects each were included in 4 study groups: healthy blood donors (ND), patients with pulmonary tuberculosis (TB), human immunodeficiency virus type 1 -seropositive patients (HIV), and HIV-1 -seropositive subjects with pulmonary tuberculosis (HIV/TB). A significant reduction in the percentage of PMNL expressing IL-8RA and IL-8RB and in their respective fluorescence intensities was found in TB, HIV, and HIV/TB groups compared with that obtained for the ND group. The greatest downregulation of both receptors occurred in the HIV/TB group. Furthermore, associated with this reduced expression of IL-8 receptors was impairment of both intracellular calcium flux and migration of PMNL in response to IL-8 in a group of HIV/TB patients compared with that in healthy persons.
The chemokines are a family of secreted proteins that medilease of lysosomal enzymes, and enhanced killing of various microorganisms, including Mycobacterium tuberculosis [4] . ate a variety of inflammatory processes, including activation and chemotaxis of neutrophils, monocytes, and lymphocytes Studies have identified two types of IL-8 receptors, namely IL-8RA (CXCR-1) [7] and IL-8RB (CXCR-2) [8] , which share to sites of infection [1] . Members of this family share a highly conserved structural motif of four cysteine residues, the ar-77% amino acid identity and have a 29% -34% sequence homology with the C5a and FMLP receptors [7] . Both receptors rangement of which forms the basis of dividing the family into two subfamilies. In the first subfamily, the first two cysteine are members of the superfamily of seven transmembrane G protein -coupled receptors [9] . IL-8 has been shown to bind residues are adjacent (C-C), whereas in the second subfamily, the first cysteine pair is separated by an intervening amino acid with high affinity (0.5 -3 nM) to both receptors, whereas all of the other C-X-C chemokines have a high affinity for IL-(C-X-C). A third subfamily, subsequently described, is known as the C-chemokine subfamily and has only one member, 8RB only [10, 11] . Furthermore, the ELR / C-X-C chemokines growth-regulated oncogene (GRO)a, GROb, GROg, neutrolymphotactin, described to date [2] .
The C-X-C chemokines, which act predominantly on neutrophil-activating peptide-2 (NAP-2), and epithelial cell -derived neutrophil-activating peptide-78 (ENA-78) are potent agonists phils, can be further subdivided into ELR / and ELR 0 groups, for IL-8RB but not IL-8RA [12] . on the basis of the presence or absence of a Glu-Leu-Arg (ELR)
Chuntharapai et al. [13] found that the receptor for IL-8 sequence motif in the adjacent position N-terminal to the Cis present on all polymorphonuclear leukocytes (PMNL) and X-C group [3] . Interleukin-8 (IL-8), a member of the ELR / monocytes and 5% -25% of total lymphocytes. The highest group and the best-characterized of the C-X-C chemokines, is levels of IL-8RA and IL-8RB are found on PMNL, with ILan 8-kDa polypeptide produced by a number of cell types [4] , 8RA and IL-8RB expression occurring at an approximately although the most prominent source is monocytes/macrophages equal ratio. On monocytes and IL-8 receptor -positive lympho- [5] . Biologic actions of IL-8 on neutrophils include the induccytes, higher levels of IL-8RB than of IL-8RA are expressed. tion of respiratory burst and of chemotaxis [6] -free Hanks' buffered saline solution HIV-1-seropositive patients (HIV), and 16 persons infected with (HBSS), pH 7.4, containing 2.5 mM Fura-2/AM, and incubated for HIV-1 and M. tuberculosis (HIV/TB). The immunologic character-30 min at 37ЊC in the dark. The cells were washed twice and then istics of these subjects are shown in table 1. A further 11 ND and resuspended in HBSS at 2 1 10 6 cells/mL. PMNL suspension (2 25 HIV/TB subjects were recruited for studies on PMNL function. mL) was placed in a cuvette in a luminescence spectrometer (LS50; All TB and HIV/TB patients were receiving standard four-drug Perkin-Elmer Cetus, Norwalk, CT) and fluorescence (F) was moniantituberculosis therapy: rifampin, isoniazid, pyrazinamide, and tored at excitation wavelengths of 340 nm and 380 nm and an ethambutol. / 9d43$$ap07 02-09-98 08:36:48 jinfa UC: J Infect Chemotaxis assay. PMNL chemotaxis through polycarbonate when the CD4 cell counts of the ND group were compared with filters (not treated for tissue culture) with a diameter of 6.5 mm those of the HIV and HIV/TB groups and when those of the TB and a pore size of 3 mm was monitored by use of 24-well plates group were compared with those of the HIV and HIV/TB groups. were similar to those for the 16 HIV/TB patients described in PMNL, resuspended at 5 1 10 6 /mL in RPMI medium containing table 1 (data not shown).
10% FCS, were added to the top chambers in 100-mL volumes.
IL-8RA and IL-8RB expression on peripheral blood PMNL.
Control and test experiments were done in duplicate for each sub-
The effect of HIV-1 disease and pulmonary tuberculosis on ject. The plates were incubated at 37ЊC in 5% CO 2 for 60 min in a the expression of IL-8 receptors on PMNL was evaluated with humidified chamber. After incubation, PMNL migrating randomly whole venous blood from subjects in the 4 groups by indirectly (control) or directly in response to IL-8 were counted by trypan blue exclusion. PMNL viability remained unchanged over the dustaining cells with MAbs that specifically bind each of the two ration of the assay.
IL-8 receptors [13] . Figure 1A shows the proportion of PMNL expressed as relative fluorescence intensity determinations, are shown in figure 1B . There was a significant reduction in the relative fluorescence intensity of receptor A in the TB group, Results the HIV group, and the HIV/TB group compared with the Immunologic status of study groups. Significant differences control group. IL-8RA expression in the HIV/TB group was were observed between the total white blood cell counts of the significantly reduced relative to the HIV and TB groups. TB group and those of the ND, HIV, and HIV/TB groups (P õ
The proportion of IL-8RB -positive PMNL was also signifi-.001) (table 1). Significant differences in absolute PMNL counts cantly reduced in each of the 3 infected groups (P õ .001) were found between ND and TB (P õ .001), TB and HIV (P õ compared with that in healthy subjects ( figure 2A) , whose me-.001), and TB and HIV/TB (P õ .05) groups. For the granulocyte dian was 97.7 (range, 94.2 -99.0). The same was true for compercentages, significant differences were found only between the parisons of the intensity of IL-8RB -specific fluorescence (fig-ND and TB groups (P õ .05) and the TB and HIV groups (P ure 2B). Both TB groups showed a significantly reduced expression of IL-8RB relative to that found for the HIV group, õ .05). Highly significant differences (P õ .001) were observed / 9d43$$ap07 02-09-98 08:36:48 jinfa UC: J Infect with a greater reduction observed in HIV-1 -seropositive sub-.05), and the times ranged from 1 week to a maximum of 26 weeks. When the 2 groups were combined, there was no jects with concurrent pulmonary tuberculosis.
Relationship between IL-8 receptor expression and duration correlation between the expression of either IL-8 receptor on PMNL and the duration of their antituberculosis drug therapy of antituberculosis treatment. As a much greater degree of suppression of IL-8RB occurred on PMNL of subjects in the (P ú .05). Interestingly, the TB group on its own showed a weak negative correlation between the fluorescence intensity 2 TB groups than on PMNL of HIV-only patients, a situation unlike that found for the IL-8RA, we thought it important to of IL-8RA and the duration of antituberculosis treatment (r Å 0.63, P õ .05). When patients were stratified into 2 groups consider the possible role of antituberculosis drug therapy in this phenomenon.
on the basis of duration of treatment, about half had received treatment for õ2 months and the rest for ú2 months. There The mean duration of antituberculosis treatment did not differ significantly between the TB and HIV/TB groups (P ú was no significant difference between the expression of IL-/ 9d43$$ap07 02-09-98 08:36:48 jinfa UC: J Infect 8RA (percentage positive) or IL-8RB receptor (percentage posindication of whether there might be a relationship between down-regulation of IL-8 receptors on PMNL and that on lymitive or median channel shift) between the õ2 month and the ú2 month treatment groups (P ú .05). However, the intensity phocytes. The range of percentages of IL8R-positive lymphocytes obtained in the ND group was in agreement with preof IL-8RA expression in the TB group was significantly higher in those receiving treatment for õ2 months than in those receivviously described values [13] . The lymphocyte compartment was largely unaltered in the TB group with respect to IL-8RA ing treatment for ú2 months (P Å .01).
Relationship between IL-8 receptor expression on PMNL and IL-8RB expression compared with that of the ND group. Significant reductions in expression were mainly observed in and lymphocytes. The percentages of lymphocytes expressing IL-8RA and IL-8RB, determined only on the basis of their the 2 HIV-1 -infected groups for IL-8RA and only in the HIV/ TB group for IL-8RB. There was no correlation between ex-FSC and SSC characteristics, are shown in NOTE. Data are median (range). Study groups: ND, normal donors; TB, tuberculosis patients; HIV, HIV-infected patients without tuberculosis; HIV/TB, coinfected patients (n Å 16 for each).
* Significance for each infection group compared with ND group. Other significant differences: TB and HIV (P Å .04) and TB and HIV/TB (P Å .003) for IL-8RA; TB and HIV/TB (P õ .001) and HIV and HIV/TB (P õ .001) for IL-8RB.
cence intensity) and proportions of lymphocytes expressing the particular IL-8 receptor (P ú .05).
IL-8 -induced calcium mobilization in PMNL.
To determine if PMNL functions in response to IL-8 were impaired because of infection, we recruited a further 11 ND as controls and 25 HIV/TB patients, as this latter group showed the greatest overall reduction in IL-8 receptor expression on their PMNL (figures 1, 2). Within these groups, IL-8 receptor expression, calcium mobilization, and chemotaxis were evaluated; the numbers of subjects tested for each varied depending on whether sufficient PMNL were isolated. The capacity of PMNL to mount a response to IL-8 can be demonstrated by a transient increase in cytosolic free Ca 2/ that is mobilized from intracellular stores in the absence of extracellular calcium. We used the highly sensitive indicator of intracellular free Ca figure 3 and demonstrate that the addition of IL-8 to PMNL from infected subjects produced a significantly reduced calcium flux compared with that in controls (P õ .001). There were no significant correlations between calcium stimulation index and immunologic characteristics of these patients.
IL-8 -induced chemotaxis. Directed migration in response to IL-8 was measured by use of a Transwell chemotaxis assay. Figure 4 shows the chemotactic indices determined for 11 of the ND and 22 of the HIV/TB patients. When further stratified patients.
/ 9d43$$ap07
02-09-98 08:36:48 jinfa UC: J Infect also significantly less in the HIV/TB patients with intermediate or high chemotactic indices than in the normal control group (P õ .05), whereas the IL-8RA percentages were not different (P ú .05). The fluorescence intensities of both receptors in all of the HIV/TB chemotactic index subgroups were significantly reduced relative to the normal control group (P õ .05). The proportion of IL-8 receptor -positive PMNL was a stronger predictor for reduced function in the low chemotactic index subgroup than was receptor density. A difference as small as 2% resulted in a notable difference in chemotaxis in response to IL-8. In the intermediate and high chemotactic index subgroups, the reduced function from normal was the result of a combination of a lower proportion of IL-8RB -fluorescing PMNL and reduced intensity of fluorescence of either IL-8RA or IL-8RB, various combinations in different subjects giving rise to the range of chemotactic capacities seen in these groups. Although cytosolic calcium increases (stimulation indices) due to IL-8 did not differ significantly from each other within the different chemotactic index subgroups despite trends to this effect, all were significantly less than that for the ND group (P õ .05).
Discussion
This study has shown that PMNL from patients with HIV-1, pulmonary tuberculosis, or dual infection have significantly diminished expression of both IL-8 receptors compared with expression of those receptors in uninfected persons. It was further apparent that these defects, common to both HIV-1 bility that antituberculosis drugs may play a role in reduced IL-8RB expression cannot be excluded and requires further evaluation. What was clear, however, was that the duration of Relationship between IL-8 receptor expression and PMNL function. To address the relationship between reduced IL-8 antituberculosis treatment had no apparent effect on IL-8RB expression, whereas fluorescence intensity of IL-8RA was receptor expression on PMNL and subsequent function, we compared the expression of the individual IL-8 receptors on higher in tuberculosis patients receiving treatment for õ2 months than it was in those treated for ú2 months. Future PMNL from a group of 15 HIV/TB patients, the capacity of their PMNL to mobilize intracellular calcium (in 11 of the 15 longitudinal studies of tuberculosis patients are required to clarify the possible role of antituberculosis drug(s) in diminpatients), and the ability of their PMNL to migrate toward IL-8 as chemoattractant (table 3) . The HIV/TB patients were ished IL-8 receptor expression on PMNL.
We also questioned if the down-regulation of IL-8 receptors subgrouped on the basis of the magnitude of their PMNL chemotactic responses (figure 4). There were no significant correlaon PMNL was a result of an overall down-regulation of these receptors on all leukocytes or whether there may be some cell tions between expression of either IL-8 receptor (percentage or median channel shift) and calcium flux or chemotaxis. Howtype -specific regulation. The presence of tuberculosis had no significant effect on the proportion of IL-8RA -or IL-8RB -ever, patients with poor chemotactic responses (low chemotactic index) had a significantly lower proportion of IL-8RA -positive lymphocytes, whereas HIV-1 markedly affected the number of cells expressing IL-8RA and IL-8RB, this being and IL-8RB -expressing PMNL compared with patients with intermediate or high chemotactic indices or with the ND group most reduced in the presence of both HIV-1 disease and pulmonary tuberculosis. As there was no correlation between the (P õ .05). The proportion of IL-8RB -expressing PMNL was / 9d43$$ap07 02-09-98 08:36:48 jinfa UC: J Infect degree of expression of either IL-8 receptor on PMNL and on tions of IL-8RA -expressing PMNL essentially similar to those of the ND group but had reduced proportions of PMNL exlymphocytes, it seems likely that their regulation in vivo is cell type -specific and may be altered differentially depending on pressing IL-8RB and reduced densities of both receptors on their PMNL relative to normal controls. In vivo, one might the disease state.
A number of mechanisms may be responsible for downtherefore expect, depending on the extent of decreased IL-8RA and IL-8RB expression, impairment of IL-8 -dependent regulation of IL-8 receptors due to disease. Levels of IL-8 have been reported to be elevated in the serum of HIV-1 -infected functions that are triggered through high-affinity IL-8RA, which specifically binds only IL-8, and functions triggered patients [24] and in the plasma of some tuberculosis patients [23, 26] . On human neutrophils, IL-8 has been shown to dythrough IL-8RB, which include interactions with a wider spectrum of ligands belonging to the C-X-C chemokine subfamily namically regulate its own receptor expression. IL-8 very rapidly down-regulates its receptor expression, but the down-regu-(GROa, GROb, GROg, NAP-2, and ENA-78) in addition to IL-8. Neutrophils are among the first cells to arrive at the site lated receptor can be rapidly recycled to the surface of neutrophils [27] . The down-regulation of IL-8 receptors seen of M. tuberculosis infection [33] , and killing of this organism occurs via nonoxidative means [34], a process shown to be here may therefore be modulated by IL-8 itself or by other cytokines whose levels may be altered. Alternatively, cells enhanced by IL-8 [35] . Effective killing by neutrophils on exposure to microbes is therefore reliant on a number of essenbearing IL-8 receptors may be defective in their ability to recycle these receptors, perhaps through some intracellular intial processes ranging from adhesion of peripheral blood neutrophils to endothelial cells as a first step, followed by transenterference mechanism. Besides altered recycling of these receptors through extracellular or intracellular means, another related dothelial migration and entry into the site of infection. This migration of neutrophils is governed by a chemokine concenfactor may be that peripheral neutrophils, at least in HIV-1 -infected persons, are in an activated state. This is supported tration gradient established by the release of high concentrations of IL-8 mainly by monocytes/macrophages, either due by a number of findings, including enhanced phagocytosis by neutrophils from HIV-1 -infected persons [28, 29] , increased to direct infection or phagocytosis or indirectly through other cytokines, such as tumor necrosis factor-a. For cells in the CD11b expression [30] , reduced FcgRIII (CD16) expression [31] , and enhanced apoptosis on neutrophil isolation [32] .
periphery to be responsive to IL-8, they would require expression of specific IL-8 receptors on the surface of naive cells or Our results further suggest that functions dependent on sufficient IL-8 receptor expression on neutrophils may be impaired require preactivation, with the subsequent acquisition of the IL-8 receptor, prior to a cell migration response. The combined in persons with HIV-1 disease and tuberculosis, and we have demonstrated a deficiency in calcium mobilization and cell effect of multiple chemokines is assumed to be responsible for the cellular composition at inflammatory sites, and therefore, migration in response to IL-8 of PMNL from patients with HIV and tuberculosis, the group with the greatest decrease in any alteration of chemokine composition or concentration would likely result in the influx of cell populations different receptor expression. The impaired PMNL response was largely due to a reduction in both IL-8 receptors in cells with a poor from normal. In addition to effects on cellular trafficking, neutrophil funcchemotactic response to IL-8. Those with intermediate and high chemotactic responses within the HIV/TB group had proportions dependent on ligand -IL-8 receptor interactions important
